Abstract. The objects of research in this work are evanescent wave modes in a gravitationally 10 stratified atmosphere and their associated pseudo-modes. Whereas the former, according to the 11 dispersion relation, rapidly decrease with distance from a certain surface, the latter, having the same 12 
. Also, the possibility of the 17 existence of a pseudo-mode related to it is indicated. The case of two isothermal media differing in 18 temperature at the interface is studied in detail. It is shown that a non-divergent pseudo-mode with a 19 horizontal scale Acoustic -gravity waves (AGWs) in the Earth's atmosphere are studied theoretically and 31 experimentally for more than 60 years. The linear theory of AGW (Hines, 1960; Yeh and Liu, 32 1974; Francis, 1975) admits the existence in the atmosphere of a continuous spectrum of freely 33
propagating waves, consisting of acoustic and gravity regions on the dispersion plane, as well as of 34 evanescent modes, which can only propagate horizontally. 35
The freely propagating AGWs effectively transfer the energy and momentum between various 36 atmospheric layers and thus play an important role in the dynamics and energy balance of the 37 atmosphere. These waves are generated by various sources (both natural and technogenic ones), 38 which are accompanied by a significant energy output into the atmosphere. Further, when the 39 AGWs propagate upward the energy conservation compensates for the decrease of the atmospheric 40 density with the height by exponentially increasing amplitude. Therefore at a certain height the 41 waves become nonlinear. Significant progress in the development of the nonlinear theory of AGW 42 was achieved by a number of authors, in particular, Belashov (1990) , Nekrasov et al. (1995) , 43 Kaladze et al. propagation of at least part of the observed waves. 55
As well as freely propagating AGWs, evanescent wave modes also play an important role in 56 atmospheric dynamics of the Sun and planets. Evanescent waves propagate horizontally in an 57 atmosphere, vertically stratified by gravity, subject to the presence of vertical gradients of 58 parameters. The energy of these waves should decrease both up and down from the level at which 59 they are generated. Therefore, evanescent waves are most effectively generated in areas of presence 60 of significant vertical gradients of temperature and density or strong local currents. For example, in 61 the solar atmosphere suitable conditions for realization evanescent modes occur at the boundary 62
This yields a dispersion equation for incompressible wave modes in the form 118
Given the dispersion found, we obtain an expression for the polarization of the incompressible 120 modes: 121
Further, from the condition (4) and polarization (8) we get x k a  . Insofar as a is real value then 123 non -divergent (ND) wave mode has no periodic vertical solution and is horizontally propagating. 124
Let us show that the dispersion relation (7) is also satisfied by another wave mode. After using 125 this relation in (1), (2) we get: 126
127
From the system (9), (10) follows: 129
which implies that there are two solutions to this equation: 131
The first solution in (11) corresponds to the non-divergent (ND) wave mode, and the second 133 one we call pseudo-non-divergent mode (NDp). The expression for polarization NDp is obtained 134 from (9) and has the form: 135
Also for this mode holds the equation 137 Bannon (1996) , the anelastic linear perturbations, which 144 satisfy the condition 145
In the isothermal atmosphere with barometric density distribution we have 147
therefore, for such anelastic perturbations, the following equation holds: 149
Substituting (13) into equations (1), (2) we get: 151
Thus, given (3), should: 154
Then the dispersion equation for anelastic (AE) modes takes the form: 157 
165 whence we get a pair of values a , identical to (11). Consequently, there is another wave solution 166 that satisfies the equation (16), we call it pseudo-anelastic (AEp) mode. The first value in (11) 167 corresponds to the AEp wave mode, and the second -to the AE one. 168
Polarization of the AEp mode has the form: 169
that follows from (18) are related. We substitute (3) into system (1), (2) without additional conditions that were imposed in 176 Section 2 when deriving ND and AE mode. As a result, we get: 177 
From which it follows that for modes with dispersions The location of the dispersion curves for anelastic and non-divergent modes relative to gravity 202 and acoustic regions in the (, k x ) plane is shown in Fig. 1 
mode touches the 203 gravity region of freely propagating AGWs at the same value
curve touches the acoustic region (see Figure 1) . In this case, the dispersion curves of AE and ND 205 modes are symmetric relative to the "characteristic" curve (see Beer, 1974) , which separates the 206 AGW acoustic region from the AGW gravity region. In fact, the characteristic curve is the 207 geometric mean of the dispersion curves of AE and ND modes with completely coincide in these properties and are indistinguishable at the intersection points. 213
intersect with the Lamb curve and the BV 214
. In addition, the ND mode curve intersects with the 215 Lamb curve at the same value x k , at which the AE mode curve intersects with the BV curve (see 216 Table 2 . 224 225
4
The energy of evanescent modes in an isothermal atmosphere 226
227
In Sections 2 and 3, we considered a model of an unbounded isothermal stratified atmosphere to 228 determine which types of evanescent modes can satisfy the initial system of equations (1), (2). 229
However, in an infinitely extended medium, the necessary condition for the existence of evanescent 230 modes is the absence of unlimited growth of oscillation energy above and below the height level at 231 which they are generated. It is easy to verify that in an isothermal infinite atmosphere, none of the 232 modes listed in Table 1 
. Based on these considerations, it is not difficult to understand how the energy density 238 varies with height for different types of evanescent modes in an infinite isothermal atmosphere (see 239   Table 3 ). Therefore, for the realization of such modes, it is necessary to have boundaries in the 240 medium at which the condition for reducing energy in both directions from this boundary can be 241
satisfied. 242
The presence of boundaries is not the only condition that can limit the energy of the evanescent 243 mode. If the equality H / a 2 1  holds for these modes, then their energy is not varies with height in 244 an isothermal atmosphere. For an infinite atmosphere, this solution does not seem to be physical, 245 but it can make sense for a real atmosphere of finite height. As follows from (11), for the ND and 246 AE modes, as well as their pseudo-modes, the condition H / a 2 1  performed at the point 247
. Also, at this point, the ND mode is identical to the NDp mode, and the AE mode 248 completely coincides with AЕp. In addition, when H / k x 2 1  these evanescent modes adjoin the 249 border of regions of freely propagating AGW (see Fig.1 
253
Combining equations (22) and (24) gives the relation: 254 
. Therefore, it is necessary to take in the expression (27) for 1 a the solution with a "+" 284 sign and in expression (28) for 2 a , with a "-" sign, so that the energy decreases on both sides of the 285 interface. 286
It is also necessary to consider that the possible values of 1 a and 2 a must satisfy the boundary 287 condition (Tolstoy,1963; Rosental and Gough, 1994) , arising from (1), (2) 
Non-physical solutions (Miles and Roberts, 1992) arising from quadratic expressions under the 310 radicals were excluded from consideration while obtaining equation (31) (see (27) , (28) 
It follows from this expression: 315
The expression (32) contains an interesting dependence of the frequency on the parameter . 
Hence we find: 324 regions (see Fig. 3a, 3b) , except for the longest waves. When 4
breaks into two separate branches (see Fig. 3 c , 3 d) . The long-wave branch is acoustic, and another 343 branch with 
, and also intersect them at different points. These intersection 353 points correspond to the specific value of x k , at which the dispersions of the ND and AE modes are 354 realized, in the model under consideration, in a "pure" form. Let us now examine these cases in 355 more detail. For this purpose, we substitute the dispersion relations
directly into (27), (28), and then into the boundary condition (30). 357
As was shown in Section 2, for dispersion relations 
